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ABSTRACT
Background: In vivo retinal imaging of rodents has
gained a growing interest in ophthalmology and
neurology. The bedding of the animals with the
possibility to perform adjustments in order to obtain an
ideal camera-to-eye angle is challenging.
Methods: We provide a guide for a cost-effective, do-
it-yourself rodent holder for ocular imaging techniques.
The set-up was tested and refined in over 2000 optical
coherence tomography measurements of mice and
rats.
Results: The recommended material is very
affordable, readily available and easily assembled. The
holder can be adapted to both mice and rats. A
custom-made mouthpiece is provided for the use of
inhalant anaesthesia. The holder is highly functional
and assures that the rodent’s eye is the centre of
rotation for adjustments in both the axial and the
transverse planes with a major time benefit over
unrestrained positioning of the rodents.
Conclusion: We believe this guide is very useful for
eye researchers focusing on in vivo retinal imaging in
rodents as it significantly reduces examination times
for ocular imaging.

BACKGROUND
In recent years, in vivo retinal imaging has
gained increasing relevance1–3 not only in
ophthalmological4–8 but also in neurologi-
cal9–19 cases. Optical coherence tomography
(OCT) and confocal scanning laser ophthal-
moscopy (cSLO) have been identified as use-
ful diagnostic tools to evaluate a large variety
of retinopathies and retinal manifestations
of neurological diseases. OCT allows for fast,
non-invasive and high resolution in vivo
visualisation of the retinal morphology and
has been introduced as an outcome parame-
ter in clinical trials of neuroprotection in
multiple sclerosis and optic neuritis.20–22

The high resolution of third-generation
spectral-domain OCT devices renders in
vivo retinal imaging in mice and rats possi-
ble, gaining an increasing importance in
ophthalmological and neurological preclini-
cal research.23–33 The obtained results are

in good accordance with histological sec-
tions of the animals’ retinae.34

The application of OCT technology in
rodent models, however, is still challenging,
mainly because of the small size of the
rodents’ eyes. Even if systems have been
developed specifically for the imaging of
rodents,31 35 several commercially available
devices require adaptations to image ani-
mals of different species. If investigators
desire to change the species under investi-
gation, for example, mice to rats, often a
different size of holder is required. Animals
have to be anaesthetised for measurement,
which is largely facilitated by the proposed
mouthpiece and holder.36 37 Positioning the
rodent with the option to easily adjust the
eye orientation is critical for reproducible
and high-quality images. Different holders
have been proposed38–43 to assure an opti-
mal positioning and an adequate camera-to-
eye angle. However, not all holders are
applicable with all OCT devices. Some hold-
ers do not harmonise with the size of the
OCT camera on certain devices, some are
patented and/or only available together with

Key messages

" While in vivo ocular imaging of small rodents,
namely optical coherence tomography (OCT), is
gaining increasing importance in ophthalmol-
ogy and neurology, the available devices often
require additional holders to manipulate the
animals, especially if different species are to be
imaged.

" We provide a do-it-yourself guide for a new
whole-body positional manipulator for ocular
imaging of mice and rats. It is cost-effective,
easily assembled and compatible with any OCT
device on the market.

" The holder speeds up OCT and fundus imaging
in rodents and enables inhalation anaesthesia,
which increases the throughput and reduces
the recovery time from anaesthesia.
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OCT devices and most are high priced. We, therefore,
aimed to develop a guide and instructional drawing for
a do-it-yourself, cost-effective and adjustable holder for
bedding of rodents during OCT and cSLO measure-
ments as well as for other ocular imaging techniques.
The device is in use at our facilities and delivers excel-
lent results with rodent OCT imaging.

METHODS
Ethics
The set-up was tested and approved in over 2000
measurements with mice and rats. All animal proce-
dures were performed in compliance with the experi-
mental guidelines approved by the regional authorities
(State Agency for Nature, Environment and Consumer
Protection; AZ 84-02.4.2014.A059) and conform to the
Association for Research in Vision and Ophthalmology
Statement for the Use of Animals in Ophthalmic and
Vision Research.

Material
For the construction of the holder, we recommend the
following items (figure 1A):

" Polyvinylchloride (PVC) pipe, inner diameter: ~3.4
cm for mice, ~6–8 cm for rats (eg, standard drainage
pipes), approximately US$3;

" Aluminium sheet (20 � 5 � 0.2 cm), approximately
US$11;

" Screw (M8, 4 cm), wing screw and plastic washers for
the pivot, approximately US$1;

" Two clamps (size matching the PVC pipe, eg, drain-
age pipe holders), screws and lock nuts, approxi-
mately US$5.

Tools
The following tools are needed for the construction of
the holder:

" jigsaw (saw blade for metal and plastic)
" drill (bits for metal)

Figure 1 Construction and properties of the holder. (A) Recommended items for the holder, (B) construction of the

mouthpiece and (C) diagram for modification of the items and assembly of the holder. OCT, ocular coherence tomography.
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" file
" screw wrenches.

Assembly of the holder for mice
The following is a guide for the assembly of a holder
for mice. Adaptations necessary for a rat holder are
described below. Shorten the PVC pipe to a final
length of 19 cm. At 10 cm from one end, cut out the
top of the tube in a sloping shape, leaving a 6 cm long
and 3 cm wide strip as illustrated in figure 1C. Drill a
hole of 0.8 cm diameter into the strip at the front end
of the PVC pipe (~2 cm from the front end) to hold
the tube for the inhalant anaesthesia supply. Cut the
aluminium sheet into two pieces of 15 and 5 cm length.
Drill a rectangular excision of 1 � 4 cm at 1 cm from
the end of the smaller sheet for a slidable pivot and an
additional circular hole for an M8 screw at 0.5 cm from
the other end. Slope the tip of one end of the 15 cm
aluminium sheet at a 45�� angle using the jigsaw
(optional) and drill three M8 holes at 1.5, 7.5 and 10
cm from the sloped end. Assemble the items
by inserting the plastic washers between the screw, the
two aluminium sheets and the wing screw for smooth
movement of the pivot. The tube for inhalant anaesthe-
sia supply (if needed) can be inserted and fixed with a
cable tie. To form a mouth piece with an integrated
bite bar, cut a centrifuge tube tip at 0.8 and 2.4 cm
from the narrow end. Pierce a 20-gauge syringe needle
through the bottom third of the tube tip at 0.3 cm
from the broad end (figure 1B). This mouthpiece
design allows a snug fit for the mouth of adult animals
of most commercially available mouse lines (eg, A/J,
BALB/cJ, C57BL/6J, DBA/2J, NMRI, SJL) and provides
an improved immobilisation of the animal by carefully
hooking the upper front teeth over the bite
bar. Anaesthesia can be maintained by inhalation of
isoflurane vaporised with pure oxygen at concentra-
tions of 2% during measurement.
To maintain the body temperature and ensure immo-

bility, we suggest wrapping the animal in a paper towel
during measurement. Additionally, an external heat
source, for example, a heat string used for terrariums,
can be wrapped around the holder for longer
measurements.

Adaptations for a holder suitable for rats
For rat holders (eg, Sprague Dawley, Wistar, Lewis,
Long Evans, Brown Norway), the PVC pipe should
have an inner diameter of ~6-–8 cm with size-matching
clamps. The inhalant anaesthesia supply tube can be
modified using the finger part of a laboratory glove,
cut open on both sides and fixed on the tube with tape.

OCT device and fixation of the holder
Our experiments were performed using a Heidelberg
Engineering Spectralis HRA+OCT device (Heidelberg
Engineering GmbH, Heidelberg, Germany). The

holder was attached to the platform that holds the chin
rest for human subjects and that can be adjusted in the
z-axis. However, the device is compatible with any
other OCT device on the market and can be attached
to a simple xyz table.

Statistics
A paired Student’s t-test was performed to compare the
time needed to adjust the mouse’s eye position for an
OCT measurement with and without the use of the
rodent holder. Average values are presented as mean
with SD. Differences were considered significant at
p<0.05.

RESULTS
Evaluation of benefits for retinal imaging
Analysing the time needed to achieve correct position-
ing of the eye-to-camera angle and scanning area in
OCT measurements of 11 independent mouse eyes, we
observed a highly significant (p<0.001) time benefit
when using the rodent holder (figure 2). The time
expended was almost three times higher (2.8�) when
the animal was manually positioned and the angles of
imaging were adjusted by moving the OCT camera.
Furthermore, in our experience, the use of the

holder seems to reduce the movement artefacts from
breathing; however, this was not formally assessed.

DISCUSSION
For in vivo ocular imaging, especially retinal OCT and
fundus imaging, a beam path through the middle of
the pupil with an orthogonal angle to the target struc-
ture (eg, the retina) in all planes is an essential prereq-
uisite for optimal image quality and reproducibility in
longitudinal assessments. During live imaging, this can
be obtained by modifying the angle of the camera, of
the animal or both. Cameras for retinal imaging are
often heavy, and the design of camera holders allowing

Figure 2 Time to adjust the mouse’s optic disc in a centric

position for optical coherence tomography imaging with and

without the rodent holder. Boxes and whiskers represent the

mean, SD and minimum to maximum of results obtained

while imaging 11 independent eyes (***p >0.001, Student’s

t-test).
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movements in all planes and angles is challenging.
Some OCT devices only allow movements in the verti-
cal axis, so the adjustment of the angle as well as the
horizontal and vertical axes has to be performed by
moving the animal. An advantage of adjusting the
beam-to-target angle by moving the animal is that the
camera can be manoeuvred in the z-axis without
changing the angle of imaging. This is not possible
when the camera is moved from an angled position.
A remarkable strength of the proposed holder is that

the rodent’s eye is the centre of rotation for rotations
in both the axial and transverse planes (figure 3). By
adjusting the position of the mouth piece that tightly
holds the rodent’s head by the upper front teeth, which
can be hooked over the bite bar, the eye can be posi-
tioned in the centre of the rotational pivot of the alu-
minium sheets and in the middle of the tube.
Therefore, the beam-to-target angle can be adjusted by
a manual rotation of the holder tube housing the ani-
mal. In most OCT systems, the camera can be moved
along the visual axis of the camera to zoom into the
eye and provide adjustments of the z-axis. Movements
in the x-plane and y-plane can be performed using the
pivot of the aluminium sheets of the holder, which is
also slidable due to the rectangular excision at the end
of the smaller aluminium sheet. If additional move-
ments are needed (ie, if the camera cannot be moved
in the z-axis), the holder can be fixed on a simple
xyz table. Our experiments demonstrate that this
reduces the time needed to find the correct angle in all
planes compared with angling of the camera. Consider-
ing an average imaging time of 2 min for high-resolu-
tion volume scans per eye, the time benefit of 30 s
corresponds to a reduction of time needed for imaging
by 25%. However, we have to acknowledge that, with
the experience and training, imaging can also be

performed without the use of a holder by just placing
the animals on a stable platform if the camera can be
moved and rotated in all angles and planes and opera-
tors may become quicker in adjusting the animal with
practice. Overall, in our experience, the use of the
holder has largely facilitated rodent imaging, reducing
acquisition times and served to avoid having to readjust
the animals or repeat the measurements due to move-
ment or dislocation of the animal.
Another advantage of the device is that it includes an

option for volatile anaesthesia. The combination of fixa-
tion of the mouth using the bite bar and volatile anaes-
thesia serves to reduce breathing artefacts during image
acquisition. Furthermore in our experience, volatile
anaesthesia (eg, inhalant isoflurane) is safer and easier
to control than injectable anaesthesia (eg, ketamine-–
xylazine),44 45 and serves to prevent premature awaken-
ing of rodents in case of longer acquisition times. This
allows imaging for over 45 min, for example, for fundu-
scopic imaging of fluorescence-labelled cells or complex
OCT protocols. However, the combination of keta-
mine-–xylazine is also an effective anaesthesia method
for small laboratory animals23 34 and in our experience,
we have never encountered cataracts or corneal altera-
tions during the first anaesthesia when performing OCT
imaging. The method is safe, especially when using low
dosages of xylazine (5mg/kg).
We acknowledge that our holder does show resem-

blance to other commercially available options. This is
owing to the fact that there are only a few ways to
design a holder, which allows pivotal rotation of the
rodent in two planes with the eye as centre of rotation.
Our aim was not to develop an entirely new concept
but rather to provide a do-it-yourself guide for
researchers to construct a very cost-efficient yet fully
functional holder. This will be of greatest help not only

Figure 3 Rotational axis around the rodent eye. Rotation in transverse plane (left) and in axial plane (right).
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for research groups beginning mouse retinal imaging
but also for groups planning to extend their species of
interest from mice to rats. Of note, the proposed guide
has been developed over a period of 12 months while
performing more than 2000 retinal imaging sessions
on rodents. During this period, several adaptations
have been evaluated iteratively. Options such as stereo-
tactic holders fixing the mice at the mouth or ears have
proven to have no advantage in our hands over the
proposed breathing mask with the bite bar and were
therefore discarded. In our experience, the holder out-
performs commercial options, which are available for
more than 10 times the price.
A limitation of the proposed holder is that the rota-

tions are performed manually instead of controlled
dials, which may reduce the precision of very fine
adjustments. In our experience, however, the move-
ments needed for setting the angle for OCT and fun-
dus imaging are not too delicate and can be performed
manually at a sufficiently high precision. Furthermore,
the proposed guide is not intended as a rigid instruc-
tion manual but rather as a prototype for researchers
to introduce further refinements, including using
higher quality materials, according to their specific
needs and interests.

CONCLUSION
In conclusion, we present a do-it-yourself guide for a
highly functional and effective rodent holder using
materials that are both easily available and very afford-
able. Using the device speeds up OCT and fundus
imaging in rodents and enables inhalation anaesthesia.
Together, this increases the throughput and reduces
the recovery time from anaesthesia. We believe this
guide could be very useful for eye researchers aiming
to establish retinal imaging in rodents at their
laboratories.

Contributors MD made substantial contributions to the conception and design
of the holder, acquisition of data as well as analysis and interpretation of data;
he has been involved in drafting and writing the manuscript. AC-H and HY
made substantial contributions to the conception and design of the holder and
have been involved in drafting the manuscript. AB and HPH have been
involved in revising the manuscript critically for important intellectual content
and made substantial contributions to the interpretation of data. OA has been
involved in revising the manuscript critically for important intellectual
content. AG made substantial contributions to the conception and design of
the holder and has been involved in revising the manuscript critically for
important intellectual content and made substantial contributions to
the interpretation of data. PA made substantial contributions to conception
and design of the holder, acquisition of data as well as analysis and
interpretation of data; he has been involved in drafting and writing the
manuscript, and has given final approval of the version to be published and
agreed to be accountable for all aspects of the work in ensuring that
questions related to the accuracy or integrity of any part of the work are
appropriately investigated and resolved.

Funding The rodent holder was developed and refined in the context of
research projects that were funded by grants from Dr. Robert Pfleger Stiftung,
Forschungskommission der Heinrich Heine University D€usseldorf, Novartis
and Biogen to PA.

Competing interests None declared.

Open Access This is an Open Access article distributed in accordance with
the Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this work non-
commercially, and license their derivative works on different terms, provided
the original work is properly cited and the use is non-commercial. See: http://
creativecommons.org/licenses/by-nc/4.0/

REFERENCES

1. Chalam KV, Sambhav K. Optical coherence tomography
angiography in retinal diseases. J Ophthalmic Vis Res 2016;11:
84–92.

2. Murthy RK, Haji S, Sambhav K, et al. Clinical applications of spectral
domain optical coherence tomography in retinal diseases. Biomed J
2016;39:107–20.

3. Wojtkowski M, Kaluzny B, Zawadzki RJ. New directions in
ophthalmic optical coherence tomography. Optom Vis Sci
2012;89:524–42.

4. Folgar FA, Jaffe GJ, Ying GS, et al; Comparison of Age-Related
Macular Degeneration Treatments Trials Research Group.
Comparison of optical coherence tomography assessments in the
comparison of age-related macular degeneration treatments trials.
Ophthalmology 2014;121:1956–65.

5. Mowatt G, Hern�andez R, Castillo M, et al. Optical coherence
tomography for the diagnosis, monitoring and guiding of treatment
for neovascular age-related macular degeneration: a systematic
review and economic evaluation. Health Technol Assess 2014;18:
1–254.

6. Schlanitz FG, Sacu S, Baumann B, et al. Identification of drusen
characteristics in age-related macular degeneration by polarization-
sensitive optical coherence tomography. Am J Ophthalmol
2015;160:335–44. e1.

7. Makiyama Y, Oishi A, Otani A, et al. Prevalence and spatial
distribution of cystoid spaces in retinitis pigmentosa: investigation
with spectral domain optical coherence tomography. Retina
2014;34:981–8.

8. Al Rashaed S, Khan AO, Nowilaty SR, et al. Spectral-domain optical
coherence tomography reveals prelaminar membranes in optic nerve
head pallor in eyes with retinitis pigmentosa. Graefes Arch Clin Exp
Ophthalmol 2016;254:77–81.

9. Albrecht P, Blasberg C, Lukas S, et al. Retinal pathology in
idiopathic moyamoya angiopathy detected by optical coherence
tomography. Neurology 2015;85:521–7.

10. Albrecht P, Fr€ohlich R, Hartung HP, et al. Optical coherence
tomography measures axonal loss in multiple sclerosis
independently of optic neuritis. J Neurol 2007;254:1595–6.

11. Albrecht P, M€uller AK, S€udmeyer M, et al. Optical coherence
tomography in parkinsonian syndromes. PLoS One 2012;7:e34891.

12. Albrecht P, M€uller AK, Ringelstein M, et al. Retinal
neurodegeneration in Wilson’s disease revealed by spectral domain
optical coherence tomography. PLoS One 2012;7:e49825.

13. Albrecht P, Ringelstein M, M€uller AK, et al. Degeneration of retinal
layers in multiple sclerosis subtypes quantified by optical coherence
tomography. Mult Scler 2012;18:1422–9.

14. Ringelstein M, Albrecht P, S€udmeyer M, et al. Subtle retinal
pathology in amyotrophic lateral sclerosis. Ann Clin Transl Neurol
2014;1:290–7.

15. Ringelstein M, Albrecht P, Kleffner I, et al. Retinal pathology in Susac
syndrome detected by spectral-domain optical coherence
tomography. Neurology 2015;85:610–8.

16. Bhaduri B, Nolan RM, Shelton RL, et al. Detection of retinal blood
vessel changes in multiple sclerosis with optical coherence
tomography. Biomed Opt Express 2016;7:2321–30.

17. Satue M, Rodrigo MJ, Otin S, et al. Relationship between visual
dysfunction and retinal changes in patients with multiple sclerosis.
PLoS One 2016;11:e0157293.

18. Thomson KL, Yeo JM, Waddell B, et al. A systematic review and
meta-analysis of retinal nerve fiber layer change in dementia, using
optical coherence tomography. Alzheimers Dement 2015;1:136–43.

19. Knier B, Berthele A, Buck D, et al. Optical coherence tomography
indicates disease activity prior to clinical onset of central nervous
system demyelination. Mult Scler 2016;22:893–900.

20. Raftopoulos RE, Kapoor R. Neuroprotection for acute optic neuritis-
Can it work? Mult Scler Relat Disord 2013;2:307–11.

21. S€uhs KW, Hein K, S€attler MB, et al. A randomized, double-blind,
phase 2 study of erythropoietin in optic neuritis. Ann Neurol
2012;72:199–210.

Dietrich M, et al. BMJ Open Ophth 2016;1:e000008. doi:10.1136/bmjophth-2016-000008 5

Open Access

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jophth.bm
j.com

/
B

M
J O

pen O
phth: first published as 10.1136/bm

jophth-2016-000008 on 6 N
ovem

ber 2016. D
ow

nloaded from
 

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.4103/2008-322X.180709
http://dx.doi.org/10.1016/j.bj.2016.04.003
http://dx.doi.org/10.1097/OPX.0b013e31824eecb2
http://dx.doi.org/10.1016/j.ophtha.2014.04.020
http://dx.doi.org/10.3310/hta18690
http://dx.doi.org/10.1016/j.ajo.2015.05.008
http://dx.doi.org/10.1097/IAE.0000000000000010
http://dx.doi.org/10.1007/s00417-015-3015-1
http://dx.doi.org/10.1007/s00417-015-3015-1
http://dx.doi.org/10.1212/WNL.0000000000001832
http://dx.doi.org/10.1007/s00415-007-0538-3
http://dx.doi.org/10.1371/journal.pone.0034891
http://dx.doi.org/10.1371/journal.pone.0049825
http://dx.doi.org/10.1177/1352458512439237
http://dx.doi.org/10.1002/acn3.46
http://dx.doi.org/10.1212/WNL.0000000000001852
http://dx.doi.org/10.1364/BOE.7.002321
http://dx.doi.org/10.1371/journal.pone.0157293
http://dx.doi.org/10.1016/j.dadm.2015.03.001
http://dx.doi.org/10.1177/1352458515604496
http://dx.doi.org/10.1016/j.msard.2013.02.001
http://dx.doi.org/10.1002/ana.23573
http://bmjophth.bmj.com/


22. Salari M, Janghorbani M, Etemadifar M, et al. Effects of vitamin D on
retinal nerve fiber layer in vitamin D deficient patients with optic

neuritis: preliminary findings of a randomized, placebo-controlled

trial. J Res Med Sci 2015;20:372–8.
23. Groh J, Stadler D, Buttmann M, et al. Non-invasive assessment of

retinal alterations in mouse models of infantile and juvenile neuronal

ceroid lipofuscinosis by spectral domain optical coherence

tomography. Acta Neuropathol Commun 2014;2:54.
24. Knier B, Rothhammer V, Heink S, et al. Neutralizing IL-17 protects

the optic nerve from autoimmune pathology and prevents retinal

nerve fiber layer atrophy during experimental autoimmune

encephalomyelitis. J Autoimmun 2015;56:34–44.
25. Berger A, Cavallero S, Dominguez E, et al. Spectral-domain optical

coherence tomography of the rodent eye: highlighting layers of the

outer retina using signal averaging and comparison with histology.

PLoS One 2014;9:e96494.
26. Hein K, Gadjanski I, Kretzschmar B, et al. An optical coherence

tomography study on degeneration of retinal nerve fiber layer in rats

with autoimmune optic neuritis. Invest Ophthalmol Vis Sci

2012;53:157–63.
27. Hariri S, Moayed AA, Choh V, et al. In vivo assessment of thickness

and reflectivity in a rat outer retinal degeneration model with

ultrahigh resolution optical coherence tomography. Invest

Ophthalmol Vis Sci 2012;53:1982–9.
28. Shariati MA, Park JH, Liao YJ. Optical coherence tomography study

of retinal changes in normal aging and after ischemia. Invest

Ophthalmol Vis Sci 2015;56:2790–7.
29. Baran U, Zhu W, Choi WJ, et al. Automated segmentation and

enhancement of optical coherence tomography-acquired images of

rodent brain. J Neurosci Methods 2016;270:132–7.
30. Baumann B, Rauscher S, Gl€osmann M, et al. Peripapillary rat sclera

investigated in vivo with polarization-sensitive optical coherence

tomography. Invest Ophthalmol Vis Sci 2014;55:7686–96.
31. Jian Y, Zawadzki RJ, Sarunic MV. Adaptive optics optical coherence

tomography for in vivo mouse retinal imaging. J Biomed Opt

2013;18:56007.
32. Zawadzki RJ, Zhang P, Zam A, et al. Adaptive-optics SLO imaging

combined with widefield OCT and SLO enables precise 3D

localization of fluorescent cells in the mouse retina. Biomed Opt

Express 2015;6:2191–210.

33. Zhang P, Zam A, Jian Y, et al. In vivo wide-field multispectral
scanning laser ophthalmoscopy-optical coherence tomography
mouse retinal imager: longitudinal imaging of ganglion cells,
microglia, and M€uller glia, and mapping of the mouse retinal and
choroidal vasculature. J Biomed Opt 2015;20:126005.

34. Fischer MD, Huber G, Beck SC, et al. Noninvasive, in vivo
assessment of mouse retinal structure using optical coherence
tomography. PLoS One 2009;4:e7507.

35. Hammer DX, Ferguson RD, Mujat M, et al. Multimodal adaptive
optics retinal imager: design and performance. J Opt Soc Am A Opt
Image Sci Vis 2012;29:2598–607.

36. Kim KH, Puoris’haag M, Maguluri GN, et al. Monitoring mouse retinal
degeneration with high-resolution spectral-domain optical coherence
tomography. J Vis 2008;817:1–11.

37. Seeliger MW, Beck SC, Pereyra-Muþoz N, et al. In vivo confocal
imaging of the retina in animal models using scanning laser
ophthalmoscopy. Vision Res 2005;45:3512–9.

38. Gabriele ML, Ishikawa H, Schuman JS, et al. Reproducibility of
spectral-domain optical coherence tomography total retinal
thickness measurements in mice. Invest Ophthalmol Vis Sci
2010;51:6519–23.

39. Kocaoglu OP, Uhlhorn SR, Hernandez E, et al. Simultaneous fundus
imaging and optical coherence tomography of the mouse retina.
Invest Ophthalmol Vis Sci 2007;48:1283–9.

40. Pennesi ME, Michaels KV, Magee SS, et al. Long-term
characterization of retinal degeneration in rd1 and rd10 mice using
spectral domain optical coherence tomography. Invest Ophthalmol
Vis Sci 2012;53:4644–56.

41. Song W, Wei Q, Jiao S, et al. Integrated photoacoustic
ophthalmoscopy and spectral-domain optical coherence
tomography. J Vis Exp 2013;15:e4390.

42. Galichanin K, Wang J, L€ofgren S, et al. A new universal rat restrainer
for ophthalmic research. Acta Ophthalmol 2011;89:e67–71.

43. Maurice DM, Singh T. An improved method for restraining rabbits for
examination of the eye. Invest Ophthalmol Vis Sci 1984;25:1220–1.

44. Calderone L, Grimes P, Shalev M. Acute reversible cataract induced
by xylazine and by ketamine-xylazine anesthesia in rats and mice.
Exp Eye Res 1986;42:331–7.

45. Szczesny G, Veihelmann A, Massberg S, et al. Long-term
anaesthesia using inhalatory isoflurane in different strains of mice–
the haemodynamic effects. Lab Anim 2004;38:64–9.

6 Dietrich M, et al. BMJ Open Ophth 2016;1:e000008. doi:10.1136/bmjophth-2016-000008

Open Access

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jophth.bm
j.com

/
B

M
J O

pen O
phth: first published as 10.1136/bm

jophth-2016-000008 on 6 N
ovem

ber 2016. D
ow

nloaded from
 

http://dx.doi.org/10.1186/2051-5960-2-54
http://dx.doi.org/10.1016/j.jaut.2014.09.003
http://dx.doi.org/10.1371/journal.pone.0096494
http://dx.doi.org/10.1167/iovs.11-8092
http://dx.doi.org/10.1167/iovs.11-8395
http://dx.doi.org/10.1167/iovs.11-8395
http://dx.doi.org/10.1167/iovs.14-15145
http://dx.doi.org/10.1167/iovs.14-15145
http://dx.doi.org/10.1016/j.jneumeth.2016.06.014
http://dx.doi.org/10.1167/iovs.14-15037
http://dx.doi.org/10.1117/1.JBO.18.5.056007
http://dx.doi.org/10.1364/BOE.6.002191
http://dx.doi.org/10.1364/BOE.6.002191
http://dx.doi.org/10.1117/1.JBO.20.12.126005
http://dx.doi.org/10.1371/journal.pone.0007507
http://dx.doi.org/10.1364/JOSAA.29.002598
http://dx.doi.org/10.1364/JOSAA.29.002598
http://dx.doi.org/%2010.1167/8.1.17.&x00A0;
http://dx.doi.org/10.1016/j.visres.2005.08.014
http://dx.doi.org/10.1167/iovs.10-5662
http://dx.doi.org/10.1167/iovs.06-0732
http://dx.doi.org/10.1167/iovs.12-9611
http://dx.doi.org/10.1167/iovs.12-9611
http://dx.doi.org/10.3791/4390
http://dx.doi.org/10.1111/j.1755-3768.2010.01874.x
http://dx.doi.org/10.1016/0014-4835(86)90026-6
http://dx.doi.org/10.1258/00236770460734416
http://bmjophth.bmj.com/

